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ABSTRACT

Aerial and ship-based surveys of northern sea lions

(Eumetopias jubatus) conducted during June and July 1990 from the

Kenai Peninsula to Kiska Island in the Aleutian Islands,

reconfirm findings of the 1989 survey that the area's population

has declined significantly since 1956. Declines occurred at all

regions and sites during the 1956-89 period. The total number of

sea lions counted in the Kenai to Kiska study area, however, did

not change significantly either in the study area or in any

region between 1989 and 1990. Adults and juveniles counted at 77

trend sites decreased from 105,289 in 1956-59 to 55,824 in 1985

and then to 23,064 and 22,754 in 1989 and l990, respectively.

Between 1989 and 1990 the counts of adults and juveniles

increased in the eastern Aleutian Islands (from 3,032 to 3,801)

and central Aleutian Islands (from 7,572 to 7,988). The total

count of sea lions in the western Gulf of Alaska remained

essentially unchanged from 3,908 in 1989 to 3,915 in 1990. Sea

lion numbers decreased in the central Gulf of Alaska between 1989

and 1990, from 8,552 in 1989 to 7,050 in 1990. Numbers of live

pups counted at 19 major rookeries located from Chirikof Island

to Kiska Island decreased between 1985 (21,391) and 1990 (6,871).

However, at the only three rookeries counted in 1989, pup numbers

increased by 29% between 1989 and 1990 at Bogoslof and Seguam

Islands, while decreasing by 25% at Kiska Island.
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INTRODUCTION

In the 1989 aerial survey of adult and juvenile northern sea

lions (Eumetopias jubatus) from the Kenai Peninsula to Kiska

Island, Alaska 24,953 animals were found hauled out at 87 sites.,

This represented a decline of 63% from the 67,617 animals

recorded for the same area in 1985. Declines were most apparent

in the eastern Aleutian Islands, sea lion numbers

decreased 71% from 10,802 to 3,145 in

1989 (Loughlin et al. 1990). These data supported the

observations of population declines recorded previously by Braham

et al. (1980) and Merrick et al. (1987). Equally alarming was

the expansion and intensification of the decline in abundance

eastward through the central Gulf of Alaska (to at least Outer

Island) and westward throughout the central Aleutian Islands.

The greatest decline in abundance at any one rookery was found at

Seguam Island, (central Aleutian Is-lands) where observed sea lion

numbers decreased by 80% from 2,942 animals in 1985 to 602

animals in 1989 (Loughlin et al. 1990). The number of pups

counted at Bogoslof, Seguam, and Kiska Islands decreased by 77%

during the 1985-89 period.

The speed and intensity of these declines led to an

emergency listing on 5 April 1990 of the northern sea lion

throughout its range as "threatened" under the Endangered Species

 Act (55 Fed. Reg. 12645).   This was an interim measure designed

to provide immediate protection to the species and also to allow
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public comments and additional scientific evidence to be gathered

about the status of the species prior to the final ruling. The

final ruling of the species as "threatened" was published in 26

November 1990.

This report summarizes the most recent northern sea lion

survey information--results of 1990 aerial and ship-based surveys

in Alaska. Counts were made of adult and juvenile northern sea

lions at rookeries and haul-out sites from the Kenai Peninsula to

Kiska Island in the central Aleutian Islands, and also of pups at

rookeries from Chirikof Island in the central Gulf of Alaska to

Kiska Island. These 1990 surveys repeat the National Marine

Mammal Laboratory (NMML) 1985 and 1989 surveys (Loughlin et al.

1986; Merrick et al. 1987; Loughlin et al. 1990; Merrick et al.

METHODS

Protocols for the 1990 surveys followed the rationales and

methods of earlier aerial and ship supported on-land surveys

(Braham et al. 1980; Calkins and Pitcher 1982; Withrow 1982;

Loughlin et al. 1986; Merrick et al. 1987; Loughlin et al. 1990).

Counts of adults and juveniles presented here are for one day.

The surveys do not account for any daily variation due to

weather, disturbance, and other factors. The observations also

do not include animals at sea. Consequently, the counts of

nonpups presented here should be treated as indices of abundance

for analysis of population trends rather than absolute estimates
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of abundance. Because the surveys being compared have been

conducted at the same time of day and year, it is unlikely that

daily variation is sufficiently different between years to

account for the observed declines in abundance (Withrow 1982;

Merrick et al. 1987). The major advantage of this method is that

it continues a time series of counts extending back to 1956

(Merrick et al. 1987).

On-land pup counts obtained before pups enter the water or

leave the island provide a-more reliable index of population

trends than aerial surveys (Berkson and DeMaster 1985). However,

these on-land surveys are difficult and costly to perform,

disturb the rookery, and are only available for a few sites and

for a limited period of time (ca. 1976 to the present). Thus,

neither technique is entirely satisfactory. The combination of

the two techniques, however, provides the best approach available

for monitoring population trends of northern sea lions in Alaska.

Adult and juvenile northern sea lions were counted and

photographed from airplanes overflying rookeries and haul-out

locations from Outer Island (Kenai Peninsula) to Amchitka Island

(central Aleutian Islands) during 11-23 June 1990 (Fig. 1). The

initial intent to survey as far west as Kiska Island was thwarted

by bad weather. Sites missed during the aerial survey were

visited during the boat survey, and counts were made then of

adults and juveniles. While flights were designed to visit

traditional sea lion rookeries and haul-out areas (Loughlin ,et

al. 1984), potential haul-out sites along the flight path were



4

examined enroute to the primary sites. Under ideal conditions

flights were conducted at approximately 200 m altitude, air speed

at 90-100 knots, and approximately 500 m offshore. Strong winds

required flights to be higher and farther offshore, while fog

required flights to be somewhat lower. A Grumann Widgeon'

airplane was used for surveys between Outer Island and the Semidi

Islands; a Piper Navajo airplane was used for flights to the

areas west of the Semidi Islands. Initial counts of animals were

visually estimated and immediately recorded on plastic covered

charts of the area. Animals were simultaneously photographed

using a 35 mm auto-focus camera with a motor drive and 70-210 mm

zoom lens. Photographs were usually not taken if there were less

than 100 animals on the site. Later in the laboratory, the

processed slides were projected onto a white background and the

animals counted. The arithmetic mean of three independent counts

was used as the final estimate for each site.

Pup counts were obtained between 25 June and 21 July at most

rookeries from Chirikof Island (central Gulf of Alaska) to Kiska

Island (central Aleutian Islands). A charter fishing vessel (Big

Valley) delivered the survey team to within 2-4 km of a site, and

the survey team then went ashore using a small inflatable boat.

Pups were counted by first clearing the rookery of all sea lions

other than pups. After these adults and juvenile animals

retreated to the water, three persons acting as counters made

'Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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independent counts of the live pups on the beach and in the

water. The final count for a site represents the arithmetic mean

of the three counts.

Entangled animals, dead adults, and other marine mammals

were recorded when seen.

To determine trends in relative abundance we analyzed only

sites counted in all surveys. While we surveyed 152 sites during

1990, only 77 had been surveyed in all previous surveys back to

1956. We defined these 77 sites as "trend sites" (Table 1).

Most of the remaining 75 were small haul-out sites. The only

significant exceptions were the Outer Island, Column Rocks, and

Semisopochnoi Island rookeries. Between-year comparisons were

made between trend sites and their respective regions (Fig. 1) by

several methods. Instantaneous rates of change between two years

were calculated for regions as follows:

Nt = Nod
t

where:

N t
= count in year t (1990)

N0 = count in base year (e.g., 1956)

t = number of years between base year and year t, and

d = rate of change, with the percent annual change

calculated as (d-l) x 100.

Correlation coefficients (r) were used to evaluate whether

temporal trends were significant. Finally, a Wilcoxon two-sample

signed rank test (W statistic; Hollander and Wolfe 1973) was used

for comparisons of 1989-90 changes at rookeries within a region.
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RESULTS

Sea Lion Surveys

A total of 22,754 adult and juvenile sea lions were counted

in 1990 at the 77 trend sites (Table 2). This represents a

statistically significant decline of 78% (r = -0.915, P < 0.05)

from the 105,289 animals counted at the 77 sites in 1956-59 (5%

decrease per year: Fig. 2; Table 2). The decrease from the

55,824 animals counted in 1985 to the 1990 count represents a 59%

decline (16% per year decrease). However, between 1989 and 1990

numbers declined only 1% (from 23,064 to 22,754).

Considering only the trend site observations, we found 7,050

sea lions (31% of the total) in the central Gulf of Alaska, 3,915

(17%) in the western Gulf of Alaska, 3,801 (17%) in the eastern

Aleutian Islands, and 7,988 (35%) in the central Aleutian

Islands. Each of these regional changes represents a large

decline from the counts made in the 1956 to 1959 period (Table 2,

Fig. 3), and all regional counts other than those in the central

Aleutian Islands are significantly lower (P c 0.05). The

greatest declines occurred in the eastern Aleutian Islands (-90%

overall, 7% per year), and the least in the central Aleutian

Islands (-53% overall, 2% per year). Particularly large declines

occurred during the 1985-90 period (Table 2) with annual rates of

decline ranging from 9% in the western Gulf of Alaska to 19% in

the central Aleutian Islands. These regional declines, however,

moderated in the past year as only the central Gulf of Alaska

showed any decrease (18%) from 8,552 animals in 1989 to 7,050 in
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1990. Western Gulf of Alaska and central Aleutian Island numbers

have shown little change in the past year, while eastern Aleutian

Island numbers increased from 3,032 to 3,801 animals (+25%;

Table 2).

The extent of the declines in adult numbers is also apparent

from the number of nonpups observed on rookeries (mostly breeding

males and females). Twenty-five of the 27 rookeries in the study

area (excluding Outer and Amchitka Islands) were used in trend

analysis (Tables 3 and 4). The number of animals counted at the

25 rookeries declined significantly (r = -0.910, P = 0.05) from

79,982 (-77%) in 1956-59 to 18,694 in 1990 (Table 3).

Significant declines (P < 0.05) were observed in all regions

other than the central Aleutian Islands, with the largest

declines occurring in the eastern Aleutian Islands (-90%). Rates

of decline intensified after 1985, reaching -16% per year in the

central Gulf of Alaska and -15% in the central Aleutian Islands

through 1989. Between 1989 and 1990 there was no further decline

in sea lion numbers in the study area as a whole. Of the four

regions, only the central Gulf of Alaska's rookery populations

decreased (-19%) between 1989 and 1990 (from 6,207 to 5,043

animals: Table 3). Two of the other three regions showed

increases--21% in the eastern Aleutian Islands (from 2,813 to

3,417 animals) and 10% in the central Aleutian Islands (from

6,106 to 6,738 animals). The fourth region, the western Gulf of

Alaska, showed no change between 1989 and 1990 (from 3,521 to

3,496). None of the regional changes from 1989 to 1990 were
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statistically significant (P > 0.5; Table 3).

Loughlin et al. (1990) reports that sea lion numbers at all

rookeries in the study area (except Chernabura Island) declined

between 1985 and 1989 (Table 4). However, between 1989 and 1990,

numbers increased at 12 of the 25 rookeries (Table 4). Large

decreases were still observed at some sites, particularly in the

area from the Barren Islands (e.g., 29% at Sugarloaf Island) to

the Shumagin Islands (e.g., 19% at Chernabura Island). These

decreases were balanced by large increases at rookeries in the

Aleutian Islands (e.g., 110% at Ugamak Island, 108% at Agligadak

Island).

We found no increases at haul-out sites which could balance

the rookery decreases. In fact, most haul-out sites showed

greater decreases than rookeries. Haul-out sites accounted for

18% of the animals surveyed during 1990, as compared with 24 and

30% in 1956-59 and 1985, respectively.

We counted 7,252 pups at 22 rookeries (Table 1). Pup

numbers decreased 68% (from 21,391 to 6,871) at the 19 rookeries

counted in both 1985 and 1990 (Table 5). Large declines occurred

during the 5-year period at all sites other than Chernabura and

Akun Islands. Pupping no longer occurs at Agligadak Island. The

largest decreases in pup numbers since 1985 were observed in the

central (-81%, from 5,120 to 951) and western (-72%, from 2,293

to 633) Gulf of Alaska. Large decreases also occurred at some

sites in the Aleutian Islands (e.g., Yunaska Island).

A complete pup survey of the area was not conducted between
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1985 and 1990; however, pup counts were made at three sites in

the Aleutian Islands during 1989--Bogoslof, Seguam, and Kiska

Islands (Merrick et al. 1990). Between 1989 and 1990, pup

numbers increased at Bogoslof and Seguam Islands by 29%, while

decreasing by 25% at Kiska Island (Table 5). U.S. Fish and

Wildlife Service biologists surveyed part of Ugamak Island during

1989 and found 434 pups there (Byrd 1989): our 1990 survey of the

same area found 419 pups.

Other Observations

Three dead adult northern sea lions were observed--one each

at Bogoslof (male), Adugak (female), and Yunaska (female)

Islands. The dead animal at Adugak Island appeared to have been

shot in the head: cause of death for the others is not known.

Five entangled sea lions and one entangled northern fur seal

(Callorhinus ursinus) were observed. All entangled animals

appeared healthy.

We counted 618 harbor seals (Phoca vitulina) at 23 sites in

the study area (Table 6). This represents a minimum estimate of

their numbers because surveys were not scheduled at low tides.

In addition, aerial surveys are a poor method for surveying

harbor seals in the Aleutian Islands because most of these

cryptically colored animals haul out on similarly colored rocks.

Northern fur seals were observed at Chowiet (1 adult male),

Adugak (1 adult male), and Bogoslof (>600 subadult males)

Islands. Fur seals at Bogoslof Island have now occupied the

entire northern end of the island, and have expanded their
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hauling out areas to include parts of the upper berm on the

southern end of the island.

DISCUSSION

Results from our 1990 survey confirm the observations of

Loughlin et al. (1990) that a major decline in northern sea lion

numbers has occurred since 1985 (Merrick et al. 1987) but 1989

and 1990 numbers appear to be the same. This may mask true

regional differences in population trends. While sea lion

numbers counted at rookeries and haul-outs remained unchanged

between 1989 and 1990 in the central Aleutian Islands and the

western Gulf of Alaska, numbers may have increased in the eastern

Gulf of Alaska (25%). On the other hand, between 1989 and 1990

sea lion numbers may have decreased in the central Gulf of Alaska

at the same rate as experienced during 1985-89 (-18% per year).

The lack of statistically significant differences between 1989

and 1990 in the eastern Aleutian Islands and central Gulf of

Alaska may be due as much to the small sample sizes and weakness

in the power of the Wilcoxon test, as to a true lack of change in

population abundance.

Increases observed at some sites in the Gulf of Alaska and

Aleutian Islands may be real or may simply be an artifact of a

better series of photos taken in 1990, which would have resulted

in higher counts. For example, the 1989 Outer Island NMML aerial

survey count was 350 animals but the photographs were difficult

to read because of fog. An aerial survey conducted by the Alaska
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Department of Fish and Game (NMML files) a few weeks later in

better weather recorded 1,127 animals there. Similarly poor

conditions for photography occurred in the eastern Aleutian

Islands during 1989 but not in 1990.

Declines in pup abundance support the hypothesis that large

numerical declines occurred during 1985-90. Increases or lack of

change in pup numbers observed at Bogoslof, Seguam, and Ugamak

Islands from 1989 to 1990 indicate the population decline may be

moderating in the Aleutian Islands.
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Table 1. --Counts of northern sea lions at rookeries (*) and
haul-out locations in the Gulf of Alaska and Aleutian
Islands during June and July 1990. A (+) indicates a
site used for trend count analysis.

Location
Adult and juvenile PUP

Date Time Typea Count D a t e Count
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Table 1. --Continued.

Location
Adult and juvenile PUP

Date Time Typea Count Date Count
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Table 1. --Continued.

Location
Adult and juvenile Pup

Date Time Typea Count D a t e Count
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Table 1. --Continued.

Location
Adult and juvenile PUP

D a t e Time Typea Count D a t e Count
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Table 1. --Continued.

Location
Adult and juvenile Pup

Date Time Typea Count Date Count



Table 1. --Continued.

20

Location
Adult and juvenile PUP

Date Time T y p e a Count Date Count
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Table 1. --Continued.

Location
Adult and juvenile PUP

Date Time T y p e a Count Date Count
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Table 1. --Continued.

Location
Adult and juvenile PUP

Date Time Typea Count Date Count
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Table 1. --Continued.

Location
Adult and juvenile PUP

Date Time Typea Count Date Count
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Table 2. --Counts of adult and juvenile northern sea lions
observed at 77 rookery and haul-out sites between the
Kenai Peninsula and Kiska Island during June and July
aerial surveys from 1956 to 1990. Only sites counted
in all surveys are included (Table 1).

Gulf of Alaska Aleutian Islands
Year Source Central Western Eastern Central Total

Sources: 1--Mathisen and Lopp (1963); 2--Kenyon and Rice (1961);
3 --Kenyon (1962); 4--Braham et al. (1980); 5--Calkins
and Pitcher (1982); 6--Fiscus et al. (1981); 7--Merrick
et al. (1987); 8--Laughlin et al. (1990); 9--this study

aSum of regional counts from 1956 through 1959.
bSum of regional counts from 1976 through 1979.
'Significant trend (P < 0.05) from 1956-59 to 1990:
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Table 3. --Counts of adult and juvenile northern sea lions at
principal rookeries between the Kenai Peninsula and
Kiska Island during June and July aerial surveys from
1956 to 1990. Only sites counted in all surveys are
included (see Table 1). Wilcoxon test used to compare
1989 and 1990 counts.

Gulf of Alaska Aleutian Islands
Year Source Central Western Eastern Central Total

Sources: l--Mathisen and Lopp (1963); 2-- Kenyon and Rice (1961);
3 --Kenyon (1962); 4--Braham et al. (1980); 5--Calkins
and Pitcher (1982); 6--Fiscus et al. (1981); 7--Merrick
et al. (1987); 8--Laughlin et al. (1990); 9--this study

aSum of regional counts from 1956 through 1959.
bSum of regional counts from 1975 through 1979.
cSignificant trend (P < 0.05) from 1956-59 to 1990.
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Table 4 .--Counts of northern sea lions at principal
rookeries in the Aleutian Islands and Gulf of
Alaska for 1985-90.

Island
Percent

1985a 1989b 1990 changeC
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Table 4. --Continued.

Island
Percent

1985a 1989b 1990 changeC

aLoughlin et al. (1986) and Merrick et al. (1987).

bLoughlin et al. (1990).

c1990/1985(1990/1989).

dData not used in trend analysis.

ePoor quality photographs.

fIncludes Round Island.

gDoes not include Amchitka and Outer Islands.

nc = no count.
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Table 5. --Counts of northern sea lion pups observed at selected
rookeries from Chirikof to Kiska Islands during June
and July surveys from 1985 to 1990.

Area or island
Percent change

1985a 1989b 1990 1985-90 1989-90
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Table 5. --Continued.

Area or island
Percent change

1985a 1989b 1990 1985-90 1989-90

aLoughlin et al. (1986) and Merrick et al. (1987),
bMerrick et al. (1990).
cCounts labelled as 1985 were made in 1984.
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Table 6. --Harbor seals counted at sites during
June and July 1990 northern sea lion
surveys.

Island Date Time Number
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Table 6. --Continued.

Island Date Time Number
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Figure 1. --The four Alaskan regions and northern sea lion
rookeries counted during 1990, as modified from
Merrick et al. (1987).



Figure 2. --Overall trend in northern sea lion abundance from the Kenai Peninsula to
Kiska Island, 1956-90 using data from 77 selected rookeries and haul outs.
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